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METHOD FOR SUBSTRATE
CLASSIFICATION

This application 1s the national phase of international
application PCT/GB95/01118, filed May 18, 1995 which

designated the U.S.
FIELD OF THE INVENTION

This invention relates to substrates and concerns a method

of characterising substrates, particularly, but not exclusively,
in relation to the behaviour of fragrances on substrates.

SUMMARY OF THE INVENTION

According to the mvention there 1s provided a method of
characterising a substrate by analysing properties of chemis-
cals emanating from the substrate and/or from a substance
applied to the substrate. The invention thus involves anal-
ysing the volatile chemical profile generated 1n the head-
space over a substrate.

The properties of a substrate (including physical, chemi-
cal and microbiological properties) affect the behaviour of
the substrate with respect to chemicals, particularly volatile
chemicals, either naturally present 1in or on the substrate or
in a substance applied thereto, and so affect the chemicals
present 1n a headspace above the substrate. Accordingly, by
analysing properties of chemicals emanating from the sub-
strate (or a substance applied thereto) information can be
obtained on the nature of the substrate which can be used to
characterise the substrate.

The 1nvention can be applied to a wide range of
substrates, including, for example, skin, wood, hair,
clothing, carpets, plastics surfaces, ceramic tiles, wool,
fabric, perfumed products such as soap, detergents etc.

For example, human skin 1s conventionally characterised
by reference to a number of descriptors including the
following;:

Greasy

Moisture content (high/low)
Ethnic group

Tanning ability

Sensitivity to break out
Bacterial count (high/low)

Age of skin

Hair level

Surface morphology (roughness)
Lesions/abrasions

Healthy/unhealthy (eg dermatitis)

Such factors affect the behaviour of skin with respect to
chemicals, so that skin can be characterised with reference
to one or more of these factors, with complex, composite
characterisations by reference to several factors being pos-
sible.

Having characterised a particular substrate by the method
of the invention, eg. oily skin, ceramic tile, a particular
detergent product etc, products (generally a fragrance or
fragrance-containing product) having desired optimised
properties particularly suited for use with that substrate can
be determined. In this way products with optimum compo-
nents and physical and chemical characteristics to perform
within defined environments and conditions on a particular
substrate can be developed. Selection of suitable products
can be made by trial and error, with a degree of prediction
being possible based on a knowledge of the performance of
the substrate under consideration and also using convention
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2

formulation techniques. For example, 1t 1s known that cer-
tain cosmetic products are better suited to use on particular
skin types. For fragrances or fragrance-containing products
(eg skin, hair, fabric cleaning, hard surface cleaning prod-
ucts etc), it will generally be desirable to provide a long
lasting perfume. For shampoos, high perfume impact during
use 1s generally the desired objective. For malodour coun-
teractancy products, effective malodour masking 1s the
desired aim.

Examples of products that can be formulated in this way
include, but are not limited to, fine fragrances, after-shaves,
cosmetics, deodorants, soaps, shampoos, air-fresheners, fur-
niture polishes, hard-surface cleaners, fabric-conditioners,
laundry detergents, smooth washes, toothpastes, shower gels
ctc.

Having characterised a range of substrates, eg skin types,
by use of the mmvention, an unknown substrate, eg skin of
unknown type, can be classified by comparison with data for
known types. This may then provide guidelines for the most
appropriate treatment for that substrate.

The method of the invention may be applied to a substrate
on 1ts own, with analysis being made of chemicals naturally
emanating from the substrate, or to a substrate to which a test
formulation has been applied, with analysis being made of
properties of chemicals emanating from both the substrate
and the test formulation which are thus mfluenced by the
interaction between the substrate and test formulation. For
testing skin, for example, 1t would be suitable to use a test
formulation comprising a mixture of volatile chemicals
selected for maximum variation of behaviour over a range of
skin types. A typical test formulation would comprise a
mixture of equal weights of the following:

Benzyl acetate

Dimethyl benzyl carbonol acetate
Hydroxycitronellal

Iso amyl salicylate

Linalol

Methyl 10none, alpha 1so
Phenyl acetaldehyde dimethyl acetal
beta Pinene

Styrallyl acetate
as a 2 to 5% solution 1n an eau de cologne base.

The analysis 1s preferably made using a volatile chemaicals
sensor. A range of suitable sensors 1s known and commer-
cially available. Known sensors typically comprise an array
or arrays of sensors which produce signals modulated by the
adsorbance of volatile chemicals. Sensors suitable for use 1n
such arrays include the following:

metal oxide gas sensors

catalytic gas sensors

organic semiconducting gas sensors, particularly conduct-
ing polymers

solid electrolyte gas sensors

mass sensitive devices, such as piezoelectric quartz crys-
tals

fibre-optic probes
electrochemical sensors
MOSFET sensors

Langmuir-Blodgett film sensors.
Volatile chemicals sensors are discussed 1n her detail 1n

“Multiclement Arrays for Sensing Volatile Chemicals” by K

C Persaud and P Travers in Intelligent Instruments and
Computers, July—August 1991, Vol. 9(4) pp 147-154, and
“Electronic gas and odour detectors that mimic chemore-
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ception 1n animals” by K C Persaud 1n Trends 1n Analytical
Chemistry, 1992, Vol. 11(2) pp 61-67.

It 1s currently preferred to use a sensor comprising an
array of conducting polymers, eg an AromaScanner device
available from AromaScan pic or similar equipment avail-
able from Neotronics Ltd. The AromaScanner device, for
example, contains an array ol semi-conducting polymers
(typically having 20 or 32 elements in the array), the
clectrical resistance of which 1s claimed to alter rapidly and
reversibly by the surface adsorption of volatile chemicals.
The change 1n resistance in the elements 1s measured con-
tinuously and the results processed by an associated com-
puter system using software provided to produce a map (or
“fingerprint™) of volatile chemicals, eg as a graph, bar chart
or 1n other convenient form. The computer system may be
any digital datalogging and processing apparatus with
appropriate peripherals capable of multivariate analysis,
screen and/or hard copy presentation, and conveniently
comprises a personal computer such as an IBM PC or stmilar
with suitable peripherals.

The data represented by the maps or odour 1mages pro-
duced 1n this way may be analysed by techniques of mul-
fivariate statistics, eg using known techniques such as
Euclidian distance mapping and principal component
analysis, to present the data in a form that 1s more easily
handled for comparison purposes. In addition, sensor
responses may usefully be analysed by learning techniques,
eg based on neural networks and fuzzy logic, leading not
only to odorant detection but also recognition.

The 1nvention has a number of possible specific
applications, including the following:

1) Characterisation of an unknown substrate by reference
to previously obtained results for known substrates.
One example of this 1s characterisation of skin types. It
1s envisaged this could be offered as a service for
consumers, €g 1n the cosmetics departments of shops.
Having classified a customer’s skin type, the customer
can then be offered cosmetic products particularly
designed for that skin type.

2) Having characterised a substrate, eg skin type, products
for use on that substrate can be tested on that substrate
using gas analysis sensors and formulated for optimised
performance on that substrate, eg to provide a long
lasting perfume of the desired odour character.

3) Malodour counteractancy. A gas sensing system may be
taught to recognise a malodour and detect when 1t 1s
hkely to be percelved at significantly unpleasant levels.
The efficacy of a perfume at masking/counteracting an
unpleasant odour can then be measured, eg a measure
of deodorant perfume or flavour activity. This could
supplement and/or replace use of In vivo sensory
panels, as described eg in Whitehouse and Carter as
published 1n The Proceedings of the Scientific Section
of the Toilet Goods Association, No 18, pp 31-37. In
particular, this approach can be used to optimise the
formulation of fragrances/deodorants where such for-
mulations are intended to reduce malodour caused by
microbial breakdown of eg steroids and lipids. As in 2),
perfume performance in respect of desired hedonics (eg
pleasant floral note) may also be optimised. However,
In the case of the human axillae, the “substrate” 1s
changing (eg heat, amount of perspiration, bacterial
count, etc) and it is important to gather data at appro-
priate points 1n the product life-cycle, eg 12-hour
performance of deodorants.

4) Perfume delivery. Efficiency of perfume delivery, such
as from a hard surface cleaner where perfume 1s present
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4

in the air at very low levels, may be monitored. The gas
sensors appear to be capable of detecting very low
levels of volatile chemicals and might prove 1nvaluable
in 1nstances where conventional headspace gas chro-
matography 1s at the detection limats.

The approach could also be used to monitor the efficiency
of perfume delivery systems such as those in which perfume
1s carried 1n a starch matrix for subsequent release. This
approach 1s used, eg, in deodorants, with the perfume
staying 1n the starch matrix until the user starts sweating.
Upon contact with moisture, the perfume 1s released from
the starch matrix. The gas sensor could be used to monitor
on a continuous basis the release of perfume in this context.

5) Substantivity on skin, hair and cloth. Olfactory assess-
ments using a panel of experts can be highly subjective,
particularly 1n this area where odours assessed are often
at threshold levels. A gas sensor could provide an
objective evaluation of substantivity, working in par-
allel with panels of perfumers. Once a definite profile
1s established, a rapid evaluation of substantivity on, eg
skin, hair, cloth, can be carried out without a team of
evaluators.

6) Odour evaluation from skin. A method of skin char-
acterisation via perfume can be developed, following
skin characterisation by the method of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be further described, by way of
illustration, 1n the following Examples which refer to the
accompanying drawings, 1n which:

FIG. 1 is a graph of resistance (% dR/R) versus time (in

seconds) produced by hand volatiles using a conducting
polymer sensor arrays;

FIGS. 2 to 7 are a series of odour profile reports obtained
from a conducting polymer sensor array of results from
various test pieces of terry towelling;

FIG. 8 1s a graph summarising the data in FIGS. 2 to 7,
obtained by Euclidian distance mapping;

FIGS. 9 and 10 are odour profile reports of the same form
as those of FIGS. 2 to 7 with results from ceramic tiles
cleaned with perfumed hard surface cleaner after 15 and 45
minutes airing, respectively;

FIG. 11 1s a comparlson of the results of FIGS. 9 and 10,
showing the difference 1 “odour 1mage”; and

FIG. 12 1s a 2-dimensional representation of sensor data
obtained from a group of subjects treated with a cologne
perfume.

EXAMPLE 1

Experiments were preformed on pieces of terry towelling,
approximately 250 mm square.

A piece of untreated terry towelling and pieces washed 1n
laundry product with or without various perfumes were all
analysed using an instrument from AromaScan plc. The
sensing device 1n this instance had an array of 20 conducting
polymer sensors, and was used in conventional manner, 1n
accordance with instructions from the supplier.

Each test piece of terry towelling (after washing and
drying if appropriate) was placed in a respective plastic bag.
The bag was sealed, filled with filtered air and allowed to
equilibrate for at least 30 minutes: Air was then extracted
from the bag and supplied to the sensor.

The resistance output from each sensor varies with time,
and a typical plot of such raw data (from a hand, rather than
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one of the test pieces of terry towelling) is shown in FIG. 1,
with each line plotted representing the variation 1n resistance
of one of the 20 sensors 1n the array with time. It will be seen
that the sensor provides continuous monitoring of the sensor
output with time.

To provide data 1n a more manageable form, a computer
associated with the sensor 1s programmed to provide data in
the form of a report giving information relating to a par-
ticular time span, selected by the operator or the computer
to give representative results. Such reports can be obtained
at spaced intervals 1n time as desired, eg approximately
every 15 minutes, to provide information on changes in
odour proiile with time.

An odour profile report of this sort with results for an
untreated test piece of terry towelling 1s included as FIG. 2,
with the resistance data for each sensor given numerically
and graphically.

In FIG. 2 data 1s given for the time span after the start of

the test indicated in the heading (53.78 to 109.27 seconds),

with data for odour 1ntensity, pattern and standard deviation
(SD) given 1n the table. The “odour pattern” is formed by the
normalised sensor responses to the odour. The “intensity”™ 1s
the percentage resistance change over the base resistance for
each sensor (% dR/R). The intensity and pattern data are also
shown graphically in FIGS. 2a and 2b, respectively.

FIGS. 3 to 7 are odour profile reports of the same form as
FIG. 2 and give data for respective pieces of terry towelling
washed 1n laundry products with various different perfumes

AA, CC, DD and EE, and 1n an unperfumed laundry product
(FF) for the time spans specified on the reports.

For ease of handling and comparison, this data was
statistically analysed by the technique of Euclidian distance
mapping to produce a single 2-dimensional graph with a
serics of points, each representing results for one of the
samples. The resulting graph 1s included as FIG. 8. It will be
seen the points for samples washed 1n laundry products with
perfumes CC, DD and EE and unperfumed product FF form
a cluster of distinct points, while those using perfume AA
and those for the unwashed sample (marked ref) are spaced
well away. Each sample thus produces a characteristic,
distinctive result which can be used to characterise the
sample.

EXAMPLE 2

A further series of experiments, similar to those described
in Example 1, was performed on a pair of stmilar 7.5x7.5 cm
ceramic tiles, 1dentically treated with a perfumed hard
surface cleaner (Fabulaso, Lavandar). After treatment, the
two tiles were exposed to ambient atmosphere for 15 and 45
minutes, respectively. The two tiles were then placed in
respective glass jars which were filled with filtered arr,
scaled and allowed to equilibrate for 1 hour. Headspace air
was then extracted from the first jar and supplied to the
AromaScan 1nstrument for analysis. The resulting odour
profile report (after 15 minutes exposure) is shown as FIG.

9. The maximum intensity (% dR/R) measured was nearly
0.8.

A further odour profile report (after 45 minutes exposure)
was similarly obtained from the second jar, and this 1s shown
in FIG. 10. Here the maximum intensity measured 1s about
0.45, nearly half that measured after 15 minutes.

FIG. 11 1s a comparison of the results after 15 and 45
minutes. This shows that there i1s not only a change in
intensity, but also a change in odour pattern over time.

EXAMPLE 3

Similar experiments can be performed with biological
substrates such as skin and hair. In experiments to charac-
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terise skin, water-cleansed skin of a specific area of the inner
forearm of a number of subjects drawn from within one
ethnic group was assessed with and without applied
perfume, on this occasion using a dynamic method (no
equilibration), often referred to as “odour stripping”.

A collecting vessel was strapped to the imnner forearm of
the subject to form an air-tight enclosure. The collecting
vessel may be of any material which 1s inert and 1mperme-
able to volatiles. Suitable materials include glass, PTFE and
polyamide. It 1s important to ensure a good seal with the skin
when sampling. A poor seal 1s readily detected by an
unstable signal. If necessary, a gasket may be used to
improve the seal. Filtered, humidity controlled air was
passed over the designated skin area and 1nto an AromaScan
32-sensor machine (from AromaScan plc). The machine is
generally similar to that used in the previous examples (but
has 32 sensors instead of 20) and has an associated computer
system. A strict protocol was observed comprising three
cycles, with two sampling cycles and a wash cycle. A
“cycle” refers to the reference air—sample air—reference
air valve sequence. The sensor-response data generated
during the second sampling cycle was stored for analysis. It
1s 1mportant to use the same time slice from each subject.
The s1ze of the time-slice was selected by consideration of
the stability of the readings at the end of the cycle(s) and
determined empirically. In these experiments the time-slice
was 30 seconds, but this 1s not critical.

Tests were made on each subject, with and without
applied perfume (in the form of a 2% cologne, 50 ul per test
area). The perfume formulation used in the cologne is as
follows:

Percent
Benzyl acetate 40.00
Hydroxycitronellal 5.00
[onone alpha 10.00
Linalol 25.00
Linalyl acetate 16.00
Rhodinol 4.00

100.00

as a 2% solution 1n an eau de cologne base.

In cases where cologne was applied, sensing was eflected
by the sensing machine 30 minutes after application of the
cologne.

In tandem with the machine sensing, an exercise was
carried out concurrently (or repeated) utilising the skills of
an experienced perfumery team. The other arm of the subject
was prepared 1n an 1dentical manner to the first arm of at the
end of the instrumental assessment (or after 25 minutes,
according to the chosen method). Both arms were then
assessed and compared 5 minutes and 30 minutes respec-
tively after the two cologne applications.

The data from this experiment may be analysed using a
variety of methods, for examples non-linear mapping, prin-
cipal component analysis, and neural networks. FIG. 12
depicts a two dimensional map, generally similar to FIG. 8,
derived using non-linear mapping based on the algorithm
developed by J W Sammon, described 1n IEEE Transactions
on Computers, Vol. C. 18(5) pp 401-4091. Each symbol on
the map represent results for one of the subjects. FIG. 12
also summarises the sensory evaluation results on the group
of subjects, giving odour descriptions for the subjects. It 1s
clear that two major sets can be discerned, comprising those
whose skin retains little of the perfume after 30 minutes
(bottom left of the dotted line), and those whose skin
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retained a clearly perceptible perfume note. Within this
seconds set, the characteristic notes discerned were woody,
floral, fruity and jasmin, and there are indications that these
will also form discrete subsets.

A subject with unknown skin type can then be tested 1n a
similar way, and by comparing the results with those for the
known standard skin types, the unknown skin type an be
classified and characterised. This step may be performed as
a service to consumers, €g being performed by suitably
trained but non-expert personnel 1in a beauty salon, cosmet-
ics shop or department etc, using equipment specially sup-
plied for this purpose. Results can be obtained relatively
quickly, possibly after 15 minutes or less, so a customer
could be provided with a “while you wait” skin classification
SErvice.

With a knowledge of the customer’s skin type, the cus-
tomer can then (immediately or at a later occasion) be
offered cosmetic or fragrance products designed to be par-
ticularly suited to that skin type.

We claim:

1. Amethod of characterising a substrate which comprises

applying a test formulation to said substrate, subsequently
collecting volatile chemicals 1n a headspace above the
substrate,

determining a profile of the wvolatile chemicals so
emanated, and

using said profile to characterise the substrate.

2. A method according to claim 1, wherein the substrate
comprises skin, wood, hair, clothing, carpets, plastics
surfaces, ceramic tiles, wool, fabric or, perfumed products.

3. A method of formulating a product of use on a
particular substrate which comprises characterizing said
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substrate by the method of claim 1, selecting components
having physical and chemical characteristics to perform on
said substrate, the selection of said components being based
on a knowledge of the performance of the substrate as
determined by the method of claim 1 and formulating said
product from said components.

4. A method according to claim 3, wherein the product
comprises a fine fragrance, after-shave, cosmetic product,
deodorant, soap, shampoo, air-freshener, furniture polish,
hard-surface cleaner, fabric-conditioner, laundry detergent,
mouth wash, toothpaste or, shower gel.

5. Amethod according to claim 3, wherein the component
1s a fragrance or a cosmetic ingredient.

6. A method according to claim 1, wherein human body
odour 1s determined following treatment of the body with a
deodorant product.

7. A method according to claim 1, wherein a substrate of
unknown type 1s classified by comparing characterising
information obtained by the method of the invention with
previously obtained characterising information for a range
of known substrates.

8. A method according to claim 1, wherein a test formu-
lation 1s applied to the substrate prior to analysis.

9. A method according to claim 8, wheremn the test
formulation comprises a mixture of volatile chemicals.

10. A method according to claim 1, wherein the chemicals
are analysed using a volatile chemicals sensor.

11. A method according to claim 10, wherein the sensor
comprises an array of conducting polymer sensors.

12. A method according to claam 1, wherein chemical
analysis data 1s statistically analysed.
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